Summary &mdash; The mitochondrial DNA of Africanized honey bees having a mtDNA haplotype known from the African subspecies Apis mellifera scutellata, was analysed for the location of 6 mitochondrial genes by hybridization to mitochondrial gene probes from Saccharomyces cerevisiae. Genes for the small and large ribosomal RNAs, cytochrome oxidase subunits I, II and III and apocytochrome b were positioned relative to the mitochondrial DNA fragments generated with 6 different restriction endonucleases utilized singly or in combination. Results show that these genes are in the same relative positions as Drosophila genes.
INTRODUCTION
Mitochondrial DNA (mtDNA) has recently been the focus of a number of molecular, genetic and evolutionary studies Tzagoloff and Myers, 1986; Avise et al, 1987; Moritz et al, 1987) . In multicellular animals, mtDNA is a circular molecule of approximately 16 kb carrying a set of highly conserved genes throughout the species and phyla studied so far . The complete determination of nucleotide sequences of mtDNA in man (Anderson et al, 1981) , mice (Bibb et al, 1981) , cattle (Anderson et al, 1982) , Xenopus (Roe et al, 1985) and Drosophila yakuba (Clary and Wolstenholme, 1984) revealed genes for 2 ribosomal RNAs, 22 tRNAs, 3 subunits of cytochrome oxidase, 2 subunits of ATPase, apocytochrome b and 7 coding regions for different subunits of the NADH dehydrogenase (Mariottini et al, 1986) .
These studies showed conservation of gene content but revealed a distinct gene order among phyla and different tRNA positions (Clary and Wolstenholme, 1985; Dubin et al, 1986) . Partial sequencing work in honey bee mtDNA has been completed by Crozier et al (1989) , encompassing the COI and COII genes. Here we report on the location of 6 mitochondrial genes in the honey bee determined by heterologous hybridization with mtDNA gene probes from Saccharomyces cerevisiae.
MATERIALS AND METHODS
Samples of &ap; 300 white-eyed pupae, 11 days old, were collected from 2 Africanized colonies kept at the Laboratório de Abelhas, Depto de Ecologia Geral, USP, Såo Paulo. Mitochondrial DNA was isolated from purified organelles according to the procedure of Moritz et al (1986) .
Restriction enzyme digestion, agarose gel electrophoresis, Southern transfer of DNA fragments to Hybond-N filters (Amersham), preparation of nick-translated radioactive DNA probes and hybridization conditions were as described in Sambrook et al (1989) . Mitochondrial DNA from yeast petite mutants was prepared as described by Nobrega and Nobrega (1986) . The yeast petite strains used are described in (Moritz et al, 1986; Smith, 1988; Smith et al, 1989; Hall and Muralidharan, 1989; Smith and Brown, 1990; Sheppard et al, 1991) .
The size of mtDNA in Apis mellifera has been estimated at around 16 kb long (Smith, 1988; Arias et al, 1990) and is similar in size to that reported for Drosophila yakuba (Clary and Wolstenholme, 1984) and man (Cann et al, 1987 (Moritz et al, 1987) , although inversions and transpositions are frequent, chiefly among tRNA genes (Clary and Wolstenholme, 1985; Wolstenholme et al, 1987) . Studies in fishes suggest that there is conservation of major gene order in the phylum Chordata (Moritz et al, 1987) .
Sequence data reported to date from honey bee mtDNA describe a set of 6 consecutive genes (tRNAs for Leu, Asp, Lys and Trp, COI, COII) and the large rRNA gene in Apis mellifera ligustica (Crozier et al, 1989 and Vlasak et al, 1987, respectively (Macino, 1980; Spithill et al, 1983; Borkhardt and Olson, 1986 
